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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a short wave vertical 
cavity surface emission laser diode having an aluminum free 
active region by a structure comprising a specific substrate, first 
and second mirror stack, and an active region. 
SOLUTION: A first mirror stack 10. a sealing layer 13, an active 
region 12. a sealing layer 14 and a second mirror stack 15 are 
formed on a substrate. In this regard, wet or dry etching is 
applicable using a specified etching agent VCSEL structure of 
pattern mirror or ridge waveguide can be formed because of 
etching selectivity by etching etching up to the upper surface of 
a cladding layer through an upper or second mirror stack 1 5. 
Since the etching is performed accurately without causing any 
damage on the active region 12 or sealing layers 13. 14. current 
and light are sealed well and a low threshold value is obtained 
while sustaining high reliability. 
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T'feoT : S« ( 1 1) : Bijieafi (11) ±li:EM5 

5lgl5-7--X^f-y^' (1 0) ;^2t!l«^©^2 5 
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tirzmimmm(of^i ^"7- ' x^ y^ (lo) r-^^ 

Bi (1 0) :^2aimsto^257 

-•X^fy^ (1 5) T?feoT, *Bi*WKafe«ttfffia 20 

m^(om^(DM(omi3'^^i^^2=.y-- 7.^^^ (i 

5) ; feil^BiilB^l i^-'T^^iy^ (10) tmi 

2) T-»oT. Buieg14ll*S (1 2) a, G a I n P<D 
Pi§H(2 5. 26) ^r^lCfttJffiSlfDGaAs P(Dl 
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[tit3l5<DSffl] 1 9 9 2^12^15 BlcUtT* 

nfc>ltB!^Sr^ 5, 1 7 2, 384 ^"Low Threshold C 
urrent Laser"»i:fcV^TM^*n5«k5*Se3K©^^ft 
u-'^xii. nmicA 1 G a A sOX-^-xai3<tl/^ 
^^y-f-f y^*l*W-r5, I nGa A sl^-^x^l/Ofe 

•y r -f i'^liflD^tc:^^ -y y • >; 7 P^' ^ (Bragg ref 

lector) SfcaS^- • T^Ht yif^B^-t^Ot'^-'Witfl 

^iSo VC S E L<Dxtf^+5/^;l/«fiEJ4+5)'fit3t«n 

C0 0 0 3]MjS:g (l^8 0 0nmtiTT\ itJfl^l^fi^ 
ttt7 8 0nin) Ifr^SffifSJtU-if • ^ 

K (VC S E L : vertical cacvity surface emi 
tting laser diode) li. i^^SC D R 0MfflJ^T'M'L.^6< 

GaAs^T'5SiSgOlS)t«:t#T. GaAsSIS 
'xC^S^S^dattice match) ^imt^lttbiat. U 
— tf •+-*'trX'f{4g14ai:bTA 1 GaAs^^LT 

E(01 1 1 -VS!l«l4Jc43l^r5f)»*f1tlllS^-try^'(n 
on-radiative reconbination center) tLX^^Wi't^tc 

[000 4] 
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[0 0 0 7] *fgWO*^tcS'J©iW(i. HMW^it^^ 

So 
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S&S (r idge-wavegu ide process ing) tc S W IC jii L tz.&l!& 
ft(DVC S E L^S^-rSiltT'feSo 

[0009] 

imm^mm^rctbo^m men. ^^m(Dmm 

X. mis.t. !i(omf&(o±icmmitircf^imm.m<om 
\^'y-'7.^ y^xh-ox. m^on(r>mim\enm 
ifT^33j;t;{gs»T*©)i*^e.^5mi x^-y^ 
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BliM»*^^t < 6oS«0*Sb^b1* (crystal lographic 
strain) ^rWrS^^StOg^ST-feSSSlW^^Kstr 
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-•X^f-y^' 1 0tov^TiJiWLfcJ;-5tc, 
««:x kf ^i+i/^;Vfi!cS-r S J; ^ T JgfiSc^nSo 

-flgc, iine.©i©J^«v ^ ^- • x^'y^' 1 o<Dtt 

iBIT'feSo ^rc. mi*Jcttf^2^7--X^f«y^l 
0. 1 5ti> g«©#«ST'K-l^>^*^n. 
gii*gi-rfci62ffl? (^l':t-K) «ig%jefiK-r5o C 
Olf£«0||fii5t?iJT*»i. m^\ii. • X^J-y^? 1 0 
nS»mi4tK-ey^^?nx ^v-'X^f-yi'l 

[0 0 13] -flSt. gtt^JHi 2a. i^Sltio-c 

'>x;l/g*^»v JE-(Oi/^-fn*^«OiJffilciv[iJ:H 3. 1 



?.o Tt^tix ^^--x^-y^ 1 0, 1 stioTSI* 
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^US, StoT. jgttSlgEl 2^}gfi)t^5«i^mtt7;V 
J^lhSl 4{is 5-7- • X;5i y 
^7 1 5(D«i|^l^ttiS&5tt3^l^*^P.JKfiE*n. COS 
J&^W^a, = V- • X^f «y ^ 1 5*aS?Wtx>y^ 
y^LT. j^StCfSUT/^^'-XtS^-S/tttU-yi/' 

. ^jj-ryovc s E L^jgfiKT^si^tss^^nSo 

7;l/ = ::i'i7A;&-^WL*V^J:^t}S14Bgl^l 2<0«)|^?^ 
^a«?L. *oS1$fSlgei 2(Dt*?*?Si:iKB^^Wfi:S^ 

i4ft'fes±9ti*±«i 4©afts*tiB?^*a«?f 5ii 

•So 

[0 0 1 5] @2%#!!BLT, lilhiSl 3. 1 4Ktt$ 
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21. 2 2t. ^■ne.<DF^t8^tnfc:gg)i2 5.2 6 

%^tyoKSJi2 5. 2 etioT^^ft^nfcl^-^x 

;l/2 0. 2 1. 2 214, X'^— 9" SfctiAV KB 3 0. 

3 ucioT^sn, cn&^x'^— 9-$fca**-rF® 

30. 3 Hi, ^^ yT^-f y^ii3 3. 3 4tJ:oT^ 

Sn^o -fiSfc. X'^-- 9-B3 0. 3 l*3J:t5^'^'y7^ 

-<yi^)i3 3. 3 4a, *i^!ffl«tc##i: tT^sns 
±ie©ii^am^S5. 1 7 2. 3 8 4#cfev>T^aec 

[0 0 16] gtt^i^i 2^i:^i^,^T7/^5x'J7A(D^t^ 

*tl4*l>Jffl1"5fc*?>x GaAso-d P. ib^^A^tl 
5„ LtS^L. GaASd.) P. tt, G a A s 
^A^^<. !l?l^*(tensile strain) A^^C So ^Ml 
?>i'x;l/«3gT'a, 5X7-f -y HEiSidiisfit dislocat 
ion)^%4Wcc:0^*ili:*t5a-r5li:a, G a A s P 

ft^SJ«f«?iIE7t)^'i:''S(u*5o Stt^llEl 2 0»5i^W 
l^a, GalnP/GaAs PS*S®*S?^(strained 
layers superlattice)r'365o ?l5l^2^T<^)l^'t'x;l/ 
12 0. 2 1. 2 2i:. ^MWt^H/^ffi$i^»T©^ 
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[0 0 17] It^^HSSeiJT'ti, O. 2 

1. 2 214. ?-n€n)b^*5 1 0 0*:^^;^ hn-Zx^o 

GaAs.o p.. (E. = 1. 5 7 e V) A^P.^?.., 

Pi^i2 5. 2 6 li, en^n*^*^ 1 oo*>^7.hp 

-A/*(DIn.« Ga... P (E. = 1 . 7 6 e V) 6^ 
l^'^x^WSZO. 2 1. 22*ictt;^S^2 
5. 26ti. GaAsSSl HilWtTS^O. 6 5 %0 
et^lf L< 6>oSW®*S?^Sa*«-r*o G a A s P 

>KlC^*-r5^*'©^Si:*^^L'i^^ StaT'7 8 0 n 

3 0. 3 Itt. I n.« G a.si P (E, =1. 9 e 
V) A^eaO, ^'•7'yr-^y^l3 3. 3 4«. GaA 
s»«l ItCtS^S^^tlfc (Ga A 1.3 ) . 51 In 
, P (E, =2. 08eV) *^P.a^o jSttfUSl 2 
feitfS^lhli 13.14 1 t * 

-)!atcs-rx^;v^0^03t^-ro ctoeyr'ti. 7-7 

•y^. 'J7l'^if (^l*5<ttJ=^2=5--X^y^l 20 
0. 1 5) {4. A 1 AsfeitfGa.n Ala As© 

[00 1 8] ^1 1 0. M±^13. 

g14^«12. S^±S1 4 43j:tf«257--X^'-v^' 

1 5*^01t^^t<fc9^cS«^l l±tc}gfi!t$n. ±iB<0 
J: 9 *ttl4*^tJ«a. |g 2 ^7- • -y 1 5 {4. 

04ic^>-rcfc^ica«3WJi:x-y^y^*n?.. o 

z : Hi 0 : H2 S 04 /H C L : Hj P 0. ^-7.<r> 

S^fiS-rcilJb'T-tSo X-y^yyS*?tt©/c«6. ^7 30 
•yx-f >^^13 4(D±iiS-e±a5S/tf4^2 • X 
^•y^' 1 5*/|-LTX'y^y^-r5ili:lC<£t). /^^f- 
y • = 5-$fct4U -y V C S E L^iifiA^mfiR 
SnSo x«y^yyi4iEStT*fc»). *OtS1t®«l 2$ 
fcl4l<f±®l 3. 1 4*5!S«t*t/^©T\ aj»?*mi55«i 

-:^3av C S E L ICWLT) mjff«:ffl«14^«l^-r5c 
[0019105 tS^-r J: a El 4 ^C/^^■r«JS^^fi^ 

3 4 0 A'±SP5 7- • X:? -y ^7 1 5 ©Saiffi±ti: 40 

3>'4 00'>^<i:t-^t4. I T0*if<D^5^^)St? 
tJ:l/\ n§y><^'^l'-tf-v'3>4 514. ^J^tf. S« 
1 l(D±ffi±T\ =7-- X^<y^ 1 OilS^ttLTJBfiK 



^ti, V c s E \.<r>Wo%%^y^'J h«r*f<, -« 
tc. iajgaii:K-t!^y*nfci|i»{*«mi4 6t4, 
S«l l©aB±ti:^tt?>n. VCSELO^^--X 
^>y^ 1 OtWr5a»T\ »tt(D(S(/^3>:Jr^'h*ffi 
fitfS. £>Stf6i;T. =7- ♦ X^-y^ 1 OA^Jg^S 

[0 0 2 0] W±> V C S E LO/^^'->'<t^7-^f^ 

ia-r^a#?nfc:^s*#t?. ssKSovc s e L*f^ 

• x^-y^(4iE5t*oB}RWtCX-y^>'^'^n5<0-C% 
{ill14t4:^4ita[ll$n5o $/c. VC S E LOgtt^ 
igEt47;l/5-'>A*^'S:<'''®T% VC S E L©M!S14*<J: 

[0 0 2 1] *^W©^^©ll)SiiWcov>T0iJifC* 
fc6<. H=5:SliIE^5itf3l«t4m#U:3ie*n5. tJt 

•pT. *^^^^40s^^<o1^^<D^g^^i:|lJl®^n■r> ^ifis 

m 1 ] *^WC<t5 V c S E L©l!ljiXStfettSS 
[0 2] 0 1 (DS«<O-SI5OJt^BTffi0T-fe5. 

[0 3 ] 0 2 tc.Ts-rm3iT'ffli/^e.ns**«<o/^> h=^=+ 

<y :/^^vTx^;V4^HT'*5o 
[04] *||^ii:<t2.VCSEL©f^iaK^ttS^2® 

[05] ^SgWtCiSVC S E LOf^SKt^ltS*^© 
|!g<DlSillg»iS0T'%^o 

10 ^ 1 • X^'-y^' 

1 1 Sfe 

12 

13^1 mm) 

1 4 ^2l«t±B (111^) 

1 5 f^ZB.y- '7.^ J^ 

2 0. 2 1. 2 2 

2 5. 2 6 n^m 

3 0. 3 1 X-^-9-S WKM) 

3 3. 3 4 ^"y-JT^yfM 

4 0 p§a^^^l'-tf— 
4 5 nSp<:5'^'l'-lf— >3> 
4 6 liigSti: K-i^ >'^^$nfci|iJ»<*tti^'^e 
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